The build-up of species locally within a region by allopatric speciation depends on geographically separated (allopatric) sister populations becoming reproductively incompatible followed by secondary sympatry. Among birds, this has happened frequently in remote archipelagos, spectacular cases including the Darwin's finches (Geospizinae) and Hawaiian honeycreepers (Drepanidinae), but similar examples are lacking in archipelagos nearer to continental landmasses. Of the required steps in the speciation cycle, achievement of secondary sympatry appears to be limiting in near archipelagos and, by extension, in continental regions. Here, I suggest that secondary sympatry might be prevented by apparent competition mediated through pathogens that are locally coevolved with one population of host and are pathogenic in sister populations. The absence of numerous pathogens in remote archipelagos might, therefore, allow sister populations to achieve secondary sympatry more readily and thereby accelerate diversification. By similar reasoning, species should accumulate relatively slowly within continental regions. In this essay, I explore the assumptions and some implications of this model for species diversification.
INTRODUCTION
Speciation is the process through which populations descending from a single ancestor eventually achieve reproductive isolation (de Queiroz 1998) . Evolutionary biologists believe that most instances of species formation initially involve geographical isolation of subpopulations (allopatric speciation, Coyne & Orr 2004) . Reproductive isolation can arise between such allopatric populations either through random changes in the gene pool or through adaptive divergence (Baker et al. 2005) . However, although new evolutionary entities can form in this manner, diversity does not increase locally until reproductively isolated sister populations achieve secondary sympatry. While visiting the Galápagos Islands, Darwin (1839, p. 494) noted that the local mockingbirds (Mimus spp.) differed in appearance from island to island. The divergence of these populations, among which four species currently are recognized (Arbogast et al. 2006) , might represent the initial stages of species formation in allopatry, but none of these species co-occurs with any another, in spite of the evidently recent expansion of M. parvulus across several islands (Arbogast et al. 2006) . The Darwin's finches (Geospizinae) in the Galápa-gos Islands present a distinctly different situation (Grant & Grant 2007) . Many of the species of finches have extended their ranges across much of the archipelago and broadly overlap the distributions of other species. Not realizing the common ancestry of the finch species in the Galápagos, Darwin initially missed the significance of these birds to understanding evolution and diversification; their close relationship was later pointed out to him by the ornithologist John Gould (Sulloway 1982) . Because the finches are now known to have descended from a single population that colonized the Galápagos, perhaps 2.3 Ma (Sato et al. 2001; Burns et al. 2002) , coexistence of finch species following their evolution in allopatry has been the result of subsequent range expansion and establishment of secondary sympatry. Eleven of the 13 recognized species occur on the island of Isabela (Grant 1986) , although the process of speciation is not sufficiently complete to prevent frequent hybridization, and some workers have questioned the validity of species limits in the genera Geospiza and Camarhynchus (Zink 2002) . A similar build-up of species locally has occurred among the honeycreepers (Drepanidinae) on the Hawaiian Islands (Amadon 1950; James 2004; Pratt 2005) . Many island populations, and many entire species, of honeycreepers have become extinct since the arrival of Polynesians, and then Europeans, on the islands. Nevertheless, the combination of extant species and those recognized in the recent fossil record suggests that the drepanid radiation produced at least 59 recent species during the last ca 6 Myr (Fleischer & McIntosh 2001) , at least 15 of which were historically present on a single island (Hawaii, Amadon 1950) .
(a) The importance of secondary sympatry In principal, the number of species within a region could grow by allopatric speciation alone. Accordingly, however, geographical ranges would diminish with each new speciation event until the lower potential Phil. Trans. R. Soc. B (2010 Soc. B ( ) 365, 1139 Soc. B ( -1147 Soc. B ( doi:10.1098 Soc. B ( /rstb.2009 for geographical isolation and higher rate of extinction of populations with smaller ranges caused diversification to grind to a halt (Rosenzweig 1995) . Secondary sympatry of reproductively isolated populations is essential to the build-up of diversity locally as well as within a region. Nowhere is this more obvious than in archipelagos. In contrast to the songbird (Passeriformes) avifaunas of the Hawaiian and Galápagos archipelagos, each of which has supported a spectacular radiation of species, the New Hebrides (Vanuatu) have supported no such radiation (Diamond & Marshall 1976 , 1977 and the Lesser Antilles have only a small radiation consisting of four species of thrashers (Hunt et al. 2001) . Based on this comparison, Ricklefs & Bermingham (2007a) speculated on the causes of the difference in achieving secondary sympatry among these island groups. Both the Galápagos and Hawaiian archipelagos are remote and their extant passerine avifaunas are the products, in each case, of six colonization events. The New Hebrides and Lesser Antilles, being closer to continental sources of colonists, have received many more immigrants-24 and 34, respectively-to their contemporary passerine avifaunas. The ecological space in these 'near' archipelagos has been filled by colonization while that in the distant archipelagos has been filled primarily by local adaptive radiation. This describes what has happened, but it does not explain why species diversification has been suppressed in the near archipelagos. In fact, islands in the Lesser Antilles and New Hebrides have far fewer species than occur in comparable environments in continental regions (Cox & Ricklefs 1977; Diamond & Marshall 1977) . Moreover, new colonists appear to spread readily through both archipelagos (Ricklefs & Bermingham 2007b) , suggesting that the ecological space on these islands is relatively porous. Allopatric populations of passerine species are no more divergent morphologically in the Hawaiian and Galápagos archipelagos than they are in the Lesser Antilles (Ricklefs & Bermingham 2007a) ; diversification of size and shape apparently develops primarily subsequent to secondary sympatry. Thus, ecological incompatibility might not create an important barrier to secondary sympatry in archipelagos like the Lesser Antilles. Higher gene flow between islands in close archipelagos also cannot probably explain infrequent diversification because distances between islands are comparable with distant island groups and differentiation in allopatry is common (Ricklefs & Bermingham 2007a) .
Achieving secondary sympatry depends equally on (i) isolation of subpopulations with negligible gene flow between islands, (ii) persistence of isolated populations long enough to develop reproductive incompatibility, most probably through pre-reproductive isolating mechanisms (Price & Bouvier 2002; Price 2008) , and (iii) occasional recolonization of islands harbouring sister populations to establish secondary sympatry. Ricklefs & Bermingham (2002) estimated from mitochondrial DNA divergence that populations in the Lesser Antilles can persist on individual islands for several million years; furthermore, many of these populations exhibit episodic phases of secondary expansion within the archipelago , occasionally reaching back to the continent . In the Lesser Antilles, however, the commonest result of these phases of expansion is non-overlapping distributions of genetically distinct subpopulations with range boundaries between adjacent islands within the archipelago (Ricklefs & Bermingham 2007a) .
(b) Pathogens and secondary sympatry To explain the low rate of secondary sympatry in birds of the Lesser Antilles, Ricklefs & Bermingham (2007a) suggested that incompatibility among sister populations might result from parasites that coevolve low virulence with host populations locally, but are pathogenic in sister populations lacking recent exposure to the allopatric parasite. The mechanism is thus 'apparent competition' (Holt 1977; Holt & Lawton 1994) , in which potentially shared parasites cause incompatibility between two host populations in sympatry. Such parasites could either prevent the invasion of an island or result in the exclusion of the local population by a new colonist, effectively preventing secondary sympatry of host populations in both cases. Although considerable attention has been paid to the effects of both generalized and specialized predators on range limits in prey populations (Holt & Barfield 2009 ), little theory has been developed for the effects of specialized pathogens. The outcomes of pathogen-host interactions undoubtedly depend on the particulars of their coevolutionary interactions. However, as summarized below, sufficient empirical evidence has accumulated on the impacts of introduced pathogens that prevention of secondary sympatry by pathogen incompatibility is plausible.
Apparent competition might be less of a factor in remote archipelagos, such as the Hawaiian and Galápa-gos Islands, if fewer parasite lineages colonized or persisted in such locations. Although the original host populations undoubtedly carried their own parasites, these might have been lost over time. In addition, fewer colonizing species in remote archipelagos would have led to smaller parasite species pools and fewer parasites available to switch hosts. By implication, continental biotas could harbour a correspondingly broader array of parasite species, and apparent competition consequently might inhibit secondary sympatry even more than in near archipelagos. Accordingly, the rate of species diversification would be highest in remote archipelagos and lowest in diverse continental assemblages. Similarly, we would expect sympatry among related lineages to be high in remote archipelagos and low within the major continents.
EVIDENCE IN SUPPORT OF THE PATHOGEN HYPOTHESIS
Several observations are consistent with the hypothesis that coevolved pathogens interfere with secondary sympatry and, potentially, can inhibit diversification.
(a) Many populations are adversely affected by introduced pathogens The history of the spread of humans around the globe is replete with colonists bringing devastating diseases that become epidemic in susceptible native populations (Diamond & Marshall 1977; McNeill 1998) . Examples in animal populations include West Nile Virus (Lanciotti et al. 1999; Kramer & Bernard 2001) , Mycoplasma gallisepticum (Dhondt et al. 1998) , the malaria parasite Plasmodium relictum in the Hawaiian avifauna (van Riper et al. 1986 ), myxomatosis virus in the introduced European rabbit populations of Australia (Fenner & Ratcliffe 1965) , rinderpest (Plowright 1982 ) and canine distemper virus (McCarthy et al. 2007) . The recently discovered white-nose fungus in Myotis and Perimyotis bats in the northeastern USA has caused severe population declines of several species but apparently does not affect the co-distributed Eptesicus fuscus (Blehert et al. 2009 ). Many of these pathogens are viruses, and they may be spread by vectors or by direct contact. In general, 'emerging diseases' commonly represent the movement of an endemic parasite into a new host, often in a new geographical region (Daszak et al. 2000) .
(b) Pathogens have been implicated in the competitive displacement of one species by another The case of the introduced North American gray (or grey) squirrel (Sciurus carolinensis), which has replaced the native red squirrel (S. vulgaris) over much of the UK, is a widely cited example. The interaction between these species possibly has involved the emergence of a novel poxvirus that is deadly to red squirrels but seemingly harmless to grey squirrels, which are nonetheless carriers of the pathogen and a source of infection (Sainsbury et al. 2000; Tompkins et al. 2003; McInnes et al. 2006) . The key to this interaction is the ability of the grey squirrel to support an endemic viral parasite that is highly pathogenic in a closely related population. A caecal nematode appears to be responsible for the exclusion of grey partridge by ring-necked pheasant (Tompkins et al. 2000a (Tompkins et al. ,b, 2001 . A similar case concerns the decimation of native noble crayfish (Astacus astacus) populations by the crayfish plague, the freshwater fungal pathogen Aphanomyces astaci, which was introduced into European lakes with the western North American signal crayfish Pacifastacus leniusculus, a species that is resistant to the fungus but an effective carrier (Alderman 1996; Josefsson & Andersson 2001; Oidtmann et al. 2002) .
(c) Local coevolution of host and parasite populations Local coevolution is widely observed in nature (Thompson 2005) and has been demonstrated in the case of haemosporidian parasites of birds, for example, by a strong species Â island interaction in the prevalence of the parasites in passerine birds of the Lesser Antilles (Apanius et al. 2000; Fallon et al. 2005 ; figure 1 ). In this example, a single lineage of parasite (Haemoproteus coatneyi), characterized in our analyses by its mitochondrial cytochrome b sequence, exhibits different prevalence levels in the same host species (e.g. the bananaquit Coereba flaveola) on different islands; bananaquits apparently escape infection completely on the island of Martinique, even though the parasite is present there in other species. Although prevalence might reflect pathogen or vector abundance rather than host susceptibility, the Lesser Antillean bullfinch (Loxigilla noctis) exhibits an inverse trend in the prevalence of the same parasite throughout the Lesser Antilles, with higher infection rates where the parasite is uncommon in bananaquits. To the extent that parasite prevalence represents the relative susceptibility of a host population to a particular parasite organism, these patterns suggest local coevolution. In particular, where H. coatneyi is prevalent in one host species, it is sparse in another. Host sharing tends to involve closely related host species (e.g. Bensch et al. 2000; Ricklefs & Fallon 2002; Ricklefs et al. 2004; Davies & Pedersen 2008) , providing opportunities for the evolution of resistance in one sister population to depress a susceptible sister population. Even in the case of novel pathogens introduced into a region, potential host species vary in their innate resistance to infection and the production of pathogenic effects (e.g. Wheeler et al. 2009 ).
(d) Distribution anomalies
The distributions of many species of bird in the West Indies cannot be attributed readily to dispersal limitation or competition for resources (Lack 1976) and are thus candidates for exclusion by pathogens. Among the best known of these anomalies is the absence of the bananaquit C. flaveola from Cuba. The bananaquit is the most abundant bird in the West Indies and it inhabits every island in the archipelago, regardless of size, with the exception of Cuba (Bond 1956; Raffaele et al. 1998 ). Dispersal evidently is not a problem because bananaquits are known from the cays off the north coast of Cuba, and may breed there (Garrido & Kirkconnell 2000) . In addition, a lineage of the bananaquit occurs in Quintana Roo, Mexico, separated by Cuba from its closest relatives in the Bahamas Islands . Lack (1976) and MacArthur & Wilson (1967) suggested that competitors, including wintering North American warblers and the native red-legged honeycreeper, might exclude the bananaquit from Cuba. However, the bananaquit is distributed throughout South and Central America and is abundant on the islands of Hispaniola and Puerto Rico, which also host dense populations of wintering migrants (Raffaele et al. 1998; Latta et al. 2003) .
A similar distribution anomaly involves the absence of the pearly eyed thrasher (Margarops fuscatus) from the mainland of Hispaniola, although it is a common breeder on Soana and Beata Islands close to the south and east coasts of Hispaniola (apparently now on the mainland in the far eastern end of the island, Latta et al. 2006 ) and on the southern Bahamas Islands to the north. These and other examples of gaps in the distribution of otherwise widespread species have many potential explanations, among which is that a local population of another host species harbours an endemic parasite that is pathogenic in the missing species. Both Cuba and Hispaniola have many endemic species of birds that might serve as reservoirs for locally coevolved disease organisms, which could prevent the invasion of susceptible species.
(e) Parapatric (abutting) distributions of closely related species are common in regions of high species richness Non-overlapping distributions of closely related populations are often attributed to competition between the species or, in cases in which the populations interbreed, to the reduced fitness of hybrids (Cadena 2007) , although this is not observed in some hybrid zones (e.g. Flockhart & Wiebe 2009 ). Regardless of their causes, parapatric distributions sometimes give way to sympatry with time as barriers to population overlap are dismantled. Classic cases of parapatric distributions involve replacements of related species, primarily members of the same genus, along altitudinal gradients. For example, Terborgh (1971) attributed 36 per cent of lower limits and 28 per cent of upper limits of birds along an altitudinal transect in the eastern Andes of Peru to competition from closely related species (his table 5); he further suggested that these numbers were underestimates in some cases owing to difficulties regarding the taxonomic identification of congeners. Terborgh's fig. 9 shows the parapatric ranges of species in several genera, including many with gaps between the distributions of related species. These gaps would not be expected if exploitative competition were the cause (unless perhaps, a third competitor was distributed between them), but they might reflect interactions through pathogens if vectors carried the parasites beyond the altitudinal ranges of the hosts. Diamond (1972) also commented extensively on altitudinal parapatry in the ranges of congeneric species in New Guinea. Diamond (1972) suggested that through the initial stages of species formation, incipient species were so similar ecologically that distributional overlap was precluded by competitive exclusion. For example, '. . . one finds sequences of two, three, or even four closely related species replacing each other abruptly with altitude' (Diamond 1972, p. 764; 1973) . Further, '. . . spatial segregation is the dominant mode of ecological segregation through at least stage six of speciation. It is the sole mode of segregation in 88 of the 119 cases . . . among submodes of spatial segregation, the most prevalent is altitude, acting along in 63 cases and acting in combination with other modes and spatial submodes in 48 cases. Often, but not always, the altitudinal border between the two species is sharp: the highest individual of the low-altitude species abuts and is interspecifically territorial with the lowest individual of the high-altitude species' (Diamond 1986, pp. 105 -106) . In the case of altitudinal replacement among two species of Crateroscelis warblers (Diamond 1973, fig. 6 ), both species reached their highest densities close to their shared boundary.
(f ) Host populations on remote islands have relatively few parasites The evidence on this point is sparse owing to a dearth of comparative studies of disease prevalence in continental and island settings. Beadell et al. (2007) found reduced prevalence of haemosporidian parasites in populations of several species of bird on remote islands of the western Pacific Ocean. Birds of the Hawaiian Islands apparently lacked such parasites before the introduction of P. relictum (Warner 1968; van Riper et al. 1986) . Surveys of a variety of common diseases of domestic poultry in the Galápagos Islands failed to find evidence of related infections in native species (Soos et al. 2008 ). We have not found haemosporidian parasites in samples of Darwin's finches (R. E. Ricklefs and P. G. Parker, unpublished data) . The isolated island of Barbados to the east of the Lesser Antilles has only a single common lineage of haemosporidian parasite, which exhibits expanded host breadth compared with that of the same parasite lineage in the Lesser Antilles, where it coexists with many others (Fallon et al. 2005 ) (figure 1).
(g) Island populations should exhibit low resistance to introduced pathogens The prediction of reduced resistance follows from the hypothesis that remote archipelagos have reduced parasite pressure for maintaining defences against infection. In this case, we would expect introduced parasites, to which island populations have had no previous exposure, to encounter little resistance to infection. A difficulty with this prediction is that populations should lack explicit resistance to novel specialized parasites, regardless of the local parasite environment. Thus, the prediction depends on the maintained level of generalized resistance selected by the local parasite community.
Few comparative studies have addressed this prediction and the evidence on this point is mixed (Matson 2006) . Low genetic variation has been reported in many island populations, and this is generally attributed to founder effects and loss of genetic diversity through drift (bottleneck effects) over long periods (Beadell et al. 2007; Siddle et al. 2007 ). In the Galápa-gos hawk (Buteo galapagoensis), genetic (minisatellite) diversity in populations decreases with smaller island size, as does the concentration of circulating natural antibodies, while the abundance of biting (amblyceran) feather lice increases (Whiteman et al. 2006) . In contrast, natural antibodies and other measures of immune system function appeared no different in matched mainland and island populations of birds (Matson 2006) .
The effects of introduced pathogens documented in some island populations suggest reduced resistance of island taxa to infection, although similar epidemics have also been reported from continental species. A survey of introduced diseases in island and continental settings might favour heightened susceptibility in island populations, but I am not aware of a quantitative analysis. Certainly, some spectacular cases of invasive diseases have been reported from remote islands. Among the most famous are introduced avian poxvirus, avian malaria (P. relictum), and Toxoplasma gondii in the Hawaiian avifauna (van Riper et al. 1986; Work et al. 2000) . Many endemic species are susceptible to malaria parasites, which cause a high level of morbidity and mortality (Atkinson et al. 1995 (Atkinson et al. , 2000 (Atkinson et al. , 2001 , although the underlying genetic basis for susceptibility has not been established ( Jarvi et al. 2004) . Some studies point to a role for major histocompatibility complex (MHC) alleles in resistance against certain parasites (Westerdahl et al. 2005; Bonneaud et al. 2006) , and MHC diversity is thought to be reduced in island populations, but with little supporting evidence (Vincek et al. 1997) .
Susceptibility to malaria varies among species in the native Hawaiian avifauna. For example, Hawaiian thrushes (Myadestes) and Hawaiian crows (Massey et al. 1996) become infected but apparently can control the disease at benign levels (Atkinson et al. 2001) . Many native and introduced species are not seriously affected by avian malaria, and there is evidence that some populations are beginning to evolve resistance to the parasite (Woodworth et al. 2005) . In the Galápagos Islands, the Galápagos dove is apparently extremely susceptible to infection by Haemoproteus spp. parasites, with prevalence approaching 100 per cent and high infection intensities (Santiago-Alarcon et al. 2008) . In this case, the origin of the parasite, particularly the timing of its arrival in the archipelago, is unclear, although several parasite lineages present in the Galápagos populations of doves are closely related, if not genetically identical, to continental parasites (Santiago-Alarcon et al. in press). Thus, it is likely that Haemoproteus is a recent arrival in Galápagos doves.
Patterns of infection among Hawaiian birds are mirrored to some degree by disease in the human populations of Hawaii. Toxoplasma gondii is widespread among Pacific Islanders, reaching prevalences of 85-100% on many islands (Wallace 1976) . However, on Oahu and Hawaii, prevalence depended on ethnic group, with the Japanese population, derived recently from a highly diverse region, showing the lowest prevalence. On the island of Taiwan, close to the Asian continent, few individuals tested positive for Toxoplasma antibody. As one would expect, susceptibility to parasites in island populations extends beyond microorganisms, as in the case of nestlings of Darwin's finches (Geospiza) on the Galápagos Islands, which are heavily infested by blood-sucking larvae of the introduced fly Philornis spp. (Fessl et al. 2006) .
CONCLUSIONS
(a) Isolation, disease and rate of diversification The hypothesis that coevolved (i.e. specialized) disease organisms can limit secondary sympatry and thus rate of diversification, combined with the assumption that such disease organisms are less frequent on remote islands, implies that rate of diversification should be relatively high on remote islands and relatively low in diverse continental settings. Comparisons among archipelagos are consistent with this in that adaptive radiations of some island taxa have involved high rates of species formation associated with the buildup of sympatric populations (table 1) . It is certainly true, however, that many island colonists fail to diversify and that rapid radiations also occur in continental settings. The examples in table 1 are highly selected, do not separate species formation and extinction and ignore time heterogeneity in rates. They are meant primarily to illustrate the need for a comparative approach to documenting rates of species formation in different geographical settings.
A core prediction of the hypothesis that pathogens depress secondary sympatry and species diversification is that sympatry among related species decreases with increased species richness. One of the hallmarks of the honeycreeper radiation in the Hawaiian Islands and the finch radiation in the Galápagos Islands is the high degree of sympatry among closely related species (Grant 1986; Pratt 2005) . The wood warblers (Parulidae) of North America represent one of the most rapid continental radiations of passerine birds and as many as 22 of 42 common species can occur locally (Lovette & Hochachka 2006) , suggesting few barriers to sympatry in this group. In contrast, the greater number of geographical subspecies and allopatric phylogenetic lineages per species in the tropics suggests that higher diversity makes sympatry more difficult (Martin & Tewksbury 2008) . In each case, of course, this might be due to direct competitive effects as well (Holt & Barfield 2009) .
Another prediction of the pathogen hypothesis of species diversification is that the mechanism would be most applicable where host taxa have evolved specific defences against specific pathogens, as in the case of an antibody-based immune response. Thus, insects and plants, for example, which depend on more generalized defences (Burdon & Thrall 1999; Kraaijeveld & Godfray 1999; Hultmark 2003; Vijendravarma et al. 2009 ), should form secondary sympatry more readily and thus diversify more rapidly. Certainly, these groups exhibit very high diversity. Relatively few studies of plants and insects have reported apparent competition, particularly based on specialized pathogens (e.g. Grosholz 1992; Morris Pathogens and species diversification R. E. Ricklefs 1143 Ricklefs et al. 2004 Ricklefs , 2005 Collinge & Ray 2006; Carvalheiro et al. 2008; Orrock et al. 2008; van Veen et al. 2008) .
(b) Testing the pathogen hypothesis The most definitive test of the hypothesis that pathogens can prevent secondary sympatry of sister host populations would be reciprocal translocation. Introductions of alien populations are ethically unacceptable and logistically difficult, although historical introductions, both accidental and intentional, have provided uncontrolled 'experimental' results consistent with the hypothesis ( §2b). Under some circumstances, it would be possible to maintain alien individuals in captivity yet exposed to ambient pathogens, for example, by caging birds in natural habitats, and this approach would be worth pursuing. Where pathogens can be isolated and cultured, it would be possible to conduct cross-infections in a laboratory setting. One roadblock for experimental tests will be determining the identity of the pathogen or pathogens that prevent secondary sympatry, if they exist at all. Accordingly, genetic differentiation of particular pathogens between closely related host species, or of host genes for resistance to particular pathogens (e.g. Bonneaud et al. 2006) , would be relatively uninformative with respect to identifying causative agents or testing the pathogen hypothesis for parapatry.
Two less direct studies would be relevant. First, comparative surveys of disease prevalence and diversity between islands and continents, among biomes, and among taxa are virtually non-existent and should be a high priority (e.g. Soos et al. 2008) . Of course, most pathogens of wild species have not been described, and screening would be limited to agents for which diagnostic tests have been developed for commercially important species (e.g. many viruses) or that can be observed directly (e.g. haemosporidians and trypanosomes). Second, where pathogen pressure can be assessed, time to achieve secondary sympatry (Barraclough & Vogler 2000; Lovette & Hochachka 2006) would be expected to increase in direct relation to the diversity and prevalence of pathogens. I believe we currently lack the empirical foundation to apply these tests. Clearly, comparative surveys of pathogens in natural populations should become a high priority on a broad scale.
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